up-regulated in response to production of radical oxygen species in mitochondria (Poyton To discern between these two explanations for the cytochrome oxidases expression 1 1 1 patterns, we examined overall transcription levels of catalase-peroxidase (katG), a 1 1 2 bacterial gene that encodes an enzyme known to detoxify radical oxygen species (Storz et al., 1990). Importantly, we found no significant differences in katG expression between 1 1 4 NEC and control samples (Fig. S2A) . Furthermore, on an organism-by-organism basis,
we examined the transcription levels for cydAB and cyoABCD relative to known house-
keeping genes (Rocha et al., 2015) in both NEC and control infants. Expression of cydAB 1 1 7 was comparable in both cases, whereas cyoABCD significantly varied between NEC and 1 1 8 control infants (Fig. S2B ), indicating that changes in the transcript ratio of these genes is 1 1 9 more likely linked to low O 2 availability rather than an increase in oxidative stress.
Another potential indicator of conditions in the infant gut is the availability of nitric oxide 1 2 1 (NO). Historically, NO has been related to NEC because NO is produced as an controlling blood flow in mesenteric vasculature (Ford et al., 1997; Nowicki et al., 2007) . The microbial genetic system we used for examining microbial transcriptional response to NO is the norVW genes, coding for NO detoxifying enzymes, and their oppositely transcribed regulating gene norR (Jarboe et al., 2010) . Nitric oxide binds to constitutively expression (Jarboe et al., 2010) . Thus, to assess microbial transcriptional response to NO 1 2 9
prior to NEC diagnosis, we measured the ratio of transcript abundances for norVW and were found in the guts of the control infants across all microbial community members 1 3 2 with NO detoxification machinery ( Fig. 2A) , as well as for the near ubiquitous
Escherichia sp. (Fig. 2B ).
3 4
Interestingly, the ratio of norVW to norR transcript abundances was higher at earlier 1 3 5 compared to later time points, for both NEC and control infants (Welch's t test, 1 3 6 p=0.0089). This probably reflects the response of the preterm infant gut to burgeoning 1 3 7 microbial colonizers. The ability to produce H 2 is another microbial metabolism that could be an indicator of 1 3 9 oxygen levels in the premature infant gut. H 2 gas, presumably of microbial origin, was 1 4 0 previously identified in mural cysts of NEC afflicted infants (Engel et al., 1973) . This hydrogen excretion test. However, this test did not become widely accepted due to its low 1 4 3 positive prediction value (Cheu et al., 1989) . A key source of microbial H 2 production is produces H 2 (Sawers, 2005) . Two of the three formate dehydrogenases were found in formate removal from the cell and H 2 production, to the transcript levels of FDO genes conditions have been observed in the gut tissue of many patients (Chen et al., 2016) and
histologic examination of removed dead tissue demonstrates coagulation necrosis,
evidence for ischemic injury (Ballance et al., 1990 ). Yet, hypoxia is highly disputed as a 1 7 9
primary controlling factor of NEC (Chen et al., 2016; Crissinger, 1994; Neu, 2005;  1 8 0 Nowicki and Nankervis, 1994; Young et al., 2011) . Recent theories on NEC development can impair intestinal microcirculation and oxygen delivery (Yazji et al., 2013) . These gut microbiomes of NEC infants (Fig. 1BC ). This circumstance is distinct from that that
occur in the mature gut, where low O 2 is linked to a healthy condition and aerobicity is 1 8 8
linked to inflammation (Litvak et al., 2017) .
Increased expression of inducible nitric oxide synthase (iNOS) in gut epithelial cells 
